Biodegradation of trichloroethylene and tetrachloroethylene under aerobic conditions was studied in a sediment column. Cumulative mass balances indicated 87 and 90%Xo removal for trichloroethylene and tetrachloroethylene, respectively. These studies suggest the potential for simultaneous aerobic and anaerobic biotransformation processes under bulk aerobic conditions. Biodegradation of trichloroethylene (TCE) and tetrachloroethylene (PCE) has been demonstrated in pure cultures (11, 12, 16, 22, 25, 27, 28) , mixed cultures (1, 2, 3, 14, 15, 17), microcosms (18, 21), and soil columns (29, 30 (Fig. 1) . Ports for obtaining liquid samples were placed in each section and in influent and effluent lines. Eight side ports were installed in each section for sediment sampling. Sediment samples were taken with a sterile 10-ml syringe barrel and replaced by extruding similar composite sediments from a 10-ml syringe back into the side port. A 5-liter Tedlar gas sampling bag was connected to the column carboy feed water with Viton tubing. The gas bag served two functions: (i) to replace volume lost in the carboy as water levels dropped and (ii) to maintain stable concentrations of nutrients (air, oxygen, and CH4 in the gas phase) which were in equilibrium with column feed water.
Biodegradation of trichloroethylene (TCE) and tetrachloroethylene (PCE) has been demonstrated in pure cultures (11, 12, 16, 22, 25, 27, 28) , mixed cultures (1, 2, 3, 14, 15, 17) , microcosms (18, 21) , and soil columns (29, 30) . Field demonstrations of in situ bioremediation of chlorinated solvents have in&luded biostimulation of indigenous methane-oxidizing bacteria (methanotrophs) (24) and bioaugmentation with a metabolic, nutrient inducer (23) . Both demonstrations were aerobic systems and focused on biodegradation of vinyl chloride (VC), dichloroethylene (DCE), and TCE.
Aerobic stimulation of methanotrophs may encourage the in situ cometabolic biodegradation of TCE but not PCE. Although TCE is degraded under both aerobic and anaerobic conditions (3, 15, 17) , PCE transformation has been demonstrated only under anaerobic conditions (3, 12, 17) . Laboratory studies have shown that anaerobic dechlorination of chlorinated ethylenes can proceed to nontoxic, biodegradable products such as ethylene and ethane (7, 8, 17) ; however, there is the tendency for significant amounts of VC and cis-1,2-dichloroethylene (cDCE) to accumulate under anaerobic conditions (5, 26) . (Fig. 1) . Ports for obtaining liquid samples were placed in each section and in influent and effluent lines. Eight side ports were installed in each section for sediment sampling. Sediment samples were taken with a sterile 10-ml syringe barrel and replaced by extruding similar composite sediments from a 10-ml syringe back into the side port. A 5-liter Tedlar gas sampling bag was connected to the column carboy feed water with Viton tubing. The gas bag served two functions: (i) to replace volume lost in the carboy as water levels dropped and (ii) to maintain stable concentrations of nutrients (air, oxygen, and CH4 in the gas phase) which were in equilibrium with column feed water.
Groundwater from an uncontaminated well was pumped through the column in an upflow direction with a peristaltic pump at an average flow rate of 1.2 ml/min. Column detention time was -30 h. Operating conditions with respect to nutrient and TCE and PCE additions to column feed water are listed in Table 2 . CH4 and 02 were added to column feed water by sparging separate aliquots of well water with either gas and then mixing methane-or oxygen-saturated aliquots in appropriate ratios (Table 2 ). TCE and PCE (Aldrich, Milwaukee, Wis.) were added to a final concentration of 500 ,ug/liter to the column feed by using a methanol-based stock solution. The resultant methanol concentration in the feed water was 2.5 mM. Volatile organic carbon (VOC) concentrations in influent and effluent samples were measured twice daily. The column was maintained at room temperature, 18 populations of both aerobic and anaerobic microorganisms were present throughout the experiment. A significant portion of the anaerobic enumerations may actually represent facultative anaerobes capable of growing under strictly anaerobic conditions. Methane was measured in pore waters of all sampling ports and in MPN enumeration tubes, suggesting that methanogens were present throughout the column. This suggests that microsites which were capable of supporting strict anaerobes existed in the soil column. Methanotrophs were detected in all three sections of the column (data not shown) at low densities. Even after 6 months of CH4 exposure, the maximum number of methanotrophs detected was 100 MPN/g (dry weight). However, both methane and dissolved oxygen concentrations were adequate to support methanotroph populations.
TCE and PCE transformation. Significant differences (P < 0.0001) in influent and effluent concentrations for TCE and PCE were observed during the first 6.5 months (period 1, days 140 to 337) and the last 3.5 months (period 2, days 338 to 436). Transformation of TCE and PCE was much greater, however, during period 2. Cumulative mass balances indicated 87 and 90% removal for TCE and PCE, respectively, during period 2 compared with 9 and 16% during period 1 (Fig. 3) . TCE and PCE disappearance during period 1 could be due entirely to abiotic losses, i.e., adsorption, volatilization, or abiotic transformation. Losses during period 1 can be subtracted from losses in period 2 to conservatively estimate removal by biotransformation during the latter period. In this manner, conservative TCE and PCE biotransformation rates during period 2 were 76 and 74%, respectively. During period 2, cDCE was observed as the major product of both TCE and PCE transformation. No VC or other chlorinated products were detected.
Considering the low biomass of methanotrophs and the presence of cDCE, cometabolic biodegradation of TCE by methanotrophs was probably insignificant compared with anaerobic dechlorination. Anaerobic conditions apparently developed in microsites since column pore waters remained aerobic. Reductive dechlorination of TCE and PCE under methanogenic conditions can proceed to VC (8, 17, 29) , whereas cDCE has tended to accumulate under sulfate-reducing conditions (3, 21) . Accumulation of VC and cDCE may occur when there is an insufficient supply of electron donors (8, 9, 17) . The addition of 2.5 mM methanol in these studies provided sufficient reducing equivalents to completely reduce the added TCE and PCE to ethylene. Recent studies of anaerobic dechlorination of PCE have shown that the form of carbon substrate determines the dechlorination potential of a selected microbial community (18 
